Idiopathic osteoporosis in younger individuals could be related to reduced bone formation rather than increased bone resorption, and disturbances in GH or insulin-like growth factor (IGF)-I production could be involved in its pathogenesis. In the present study, men with idiopathic osteoporosis were compared with healthy men, with respect to bone histomorphometry and to serum levels of IGF-I, IGF-II, IGF binding protein (IGFBP)-2 and IGFBP-3, and 24-h urinary excretion of GH. Mean wall thickness was reduced in the patients (48.3 Ϯ 7.2 vs. 61.7 Ϯ 5.4 m, P Ͻ 0.001). Also, resorption depth was decreased, albeit to a lesser degree (54.4 Ϯ 3.8 vs. 60.7 Ϯ 5.3 m, P Ͻ 0.01), thus creating a pronounced negative balance (Ϫ6.04 Ϯ 9.8 vs. 0.96 Ϯ 3.2 m, P Ͻ 0.05). In the patients, serum concentrations of IGFBP-3 were reduced, compared with controls, with a 46% lower mean value; whereas levels of IGF-I, IGF-II, IGFBP-2, and GH were similar in the two groups. Thus, there was a significant negative balance caused by a pronounced decrease in wall thickness in men with idiopathic osteoporosis. The finding of low IGFBP-3 levels in these patients is interesting, in view of previous clinical and experimental findings, but its pathophysiological significance remains to be determined. (J Clin Endocrinol Metab 82:
O STEOPOROSIS IS characterized by increased fragility
caused by a disturbed microarchitecture of the bone tissue and a low bone mass (1) . Theoretically, bone loss occurs in response to a negative balance between bone formation and bone resorption, and osteoporosis could thus either be caused by a reduction of the former or an increase of the latter (2) . A few studies concerning the pathogenesis of idiopathic osteoporosis in younger men and women have been published, and they suggest that the primary cause of bone loss in these patients is a reduced capacity of bone formation (3, 4) .
Insulin-like growth factor (IGF)-I has potent stimulatory effects on synthesis of bone-specific proteins and osteoblastic proliferation in cell and organ cultures in vitro (5, 6) . Messenger RNA for IGF-I has been demonstrated in cultures of human osteoblasts (7) , and several hormones and growth factors with well-known skeletal effects (e.g. PTH, estrogen, 1,25-dihydroxyvitamin D 3 , cortisol, PG E 2 ) have been shown to regulate the synthesis of IGF-I in rodent bone tissue (6) . Furthermore, the content of IGF-I in cortical bone has been reported to decrease with age (8) , which could be related to the high incidence of osteoporosis in older subjects.
Clinical data suggest that GH secretion is important for maintenance of bone mass in adults. A well-known effect of GH is to increase the circulating levels of IGF-I. Bone mineral density (BMD) was reduced, compared with normal subjects, and the circulating levels of IGF-I were significantly correlated to BMD in adult patients with GH deficiency (9 -10) , and the GH-dependent IGF binding protein (IGFBP)-3 was an important determinant of BMD in healthy men (11) . Recently, it was suggested that variation in GH secretion could explain racial differences in BMD (12) .
We have previously described that a group of men with idiopathic osteoporosis had lower plasma levels of IGF-I than did healthy controls (13) . In the present study, our aims were to further evaluate the IGF system and to characterize the bone disease at the level of individual remodeling units in men with idiopathic osteoporosis.
Subjects and Methods

Patients and healthy controls
Altogether, 28 men with idiopathic osteoporosis, 45 Ϯ 10 yr old (mean Ϯ sd; range 29 -62), who had been referred to the osteoporosis unit, were included in the study. A total of 16 patients had suffered from vertebral compression fractures, and 3 patients suffered from hip fractures. Only 1 patient had suffered from both vertebral and hip fractures. Out of 8 patients with multiple rib fractures, 5 had had vertebral fractures, whereas 2 had had hip, hand, or pelvic fractures. Radiological evidence of osteopenia (striation or reduced attenuation of vertebral bodies and suspected, but not conclusive, vertebral fractures) was the cause of investigation in a total of 7 patients. BMD of the spine was 0.892 Ϯ 0.156 g/cm 2 (t-score Ϫ2.9 Ϯ 1.3) and of the neck, 0.818 Ϯ 0.115 g/cm 2 (t-score Ϫ2.2 Ϯ 1.0), measured by dual-energy x-ray absorptiometry (DPX-L, Lunar Radiation Incorporation, Madison, WI).
The diagnosis of idiopathic osteoporosis was established, as previously described (13) , by exclusion of secondary causes; i.e. all patients with alcoholism, hypogonadism, thyroid or parathyroid disturbances, malabsorption, pituitary disease, renal or hepatic disease, or prior treatment with glucocorticoids were excluded. Mean body weight of the patients was 77 Ϯ 11 kg (range 51-96 kg) and body height was 178 Ϯ 7.8 cm (range 159 -192), giving a mean body mass index of 24.4 Ϯ 2.9 kg/m 2 . The patients were otherwise healthy. Bone biopsies were performed, as part of the clinical investigation, to exclude mineralization defects. Mean age at the time of diagnosis was 42 Ϯ 11 yr (range 23-61 yr).
For the serum and urine analyses, sampling was performed after overnight fasting in patients and in 19 healthy controls, 45 Ϯ 9 yr old, who were recruited from the hospital staff. For the analysis of urinary GH, both patients and controls collected urine for 24 h at leisure in their homes. For the bone histomorphometric comparisons, 11 healthy men, 31 Ϯ 10 yr old (P Ͻ 0.05, compared with 43 Ϯ 9 yr, which was the mean age of the patients who participated in the histomorphometric part of the study) served as controls.
The study was approved by the Ethical Committee at the Faculty of Medicine, University of Uppsala, Sweden.
Laboratory methods
IGF-I levels in serum were measured by RIA, with a polyclonal rabbit anti-IGF-I antiserum, after reduction of IGFBP concentrations by acidethanol. To minimize the interference of any remaining IGFBPs, a tracer with reduced affinity for IGFBPs was used ( 125 I-des-(1-3)-IGF-I). Intraand interassay variations were 3.1 and 10.0%, respectively. IGF-II and IGFBP-2 concentrations in serum were determined by RIA, as previously described (14, 15) , with intra-and interassay variations of 3.6 and 12.2%, respectively, for IGF-II measurements and 3.7 and 9.6%, respectively, for IGFBP-2 measurements. IGFBP-3 levels in serum were measured by RIA, using a commercially available kit (Diagnostic Systems Laboratories Inc., Webster, TX), with intra-and interassay variations of 4.9% and 7.2%, respectively.
GH levels in urine were measured with an immunometric assay for urinary GH (BioMerieux, Marcy L'Etoile, France) in samples collected over a 24-h period. The detection limit was 1.3 U/L of GH, and the total coefficient of variation was less than 8% at mean 8.8 U/L (n ϭ 75), 5.6% at mean 45.8 U/L (n ϭ 80), and 7.4% at mean 98.3 U/L (n ϭ 63). The assay was calibrated against the first international standard from WHO (80:2.6 U/mg). The linearity was tested with a serial dilution procedure of a urine sample. The dilution curve was parallel to the standard curve, thus excluding unspecific cross-reactivity. All samples were run as duplicates, and values were expressed as U/day.
Transiliac bone biopsy specimens were obtained after in vivo doubletetracycline labeling. The cylindrical bone samples were fixed and embedded, and dynamic quantitative bone histomorphometry was performed, as previously described (16) , in bone biopsies from 11 of the patients and 11 healthy controls. Bone biopsies were performed early in the diagnostic investigation of the patients. As a consequence, the time between onset of clinical evidence of osteoporosis and the performance of bone biopsies was only 1 Ϯ 1 yr (range 0 -4).
Statistical methods
Student's unpaired t test was used to compare the groups, and multiple regression analyses were performed to evaluate age-dependent differences between patients and controls. A P-value less than 0.05 was considered significant.
Results
Mean values and ranges of histomorphometric variables are shown in Tables 1 and 2 . The men with idiopathic osteoporosis had clearly reduced balance, because bone formation (wall thickness) was more reduced than bone resorption (preosteoblastic erosion depth). Because the patients were somewhat older than the controls, multiple regression analyses were performed to test significance of age and study group for the variation in the histomorphometric indices. There was no significant contribution of age to the variation in either balance or wall thickness, indicating that the differences between the study groups were independent of age. The correlation between study group and preosteoblastic resorption depth did not reach significance if the explanatory equation also included age, i.e. the difference between the study groups in resorption depth was biased by age.
There was a significant positive correlation between mean wall thickness and preosteoblastic erosion depth in the controls (r ϭ 0.82, P Ͻ 0.01) but not in the men with idiopathic osteoporosis, where the correlation tended to be negative (r ϭ Ϫ0.56, P ϭ 0.07; Fig. 1) .
Mean values and ranges of serum and urinary variables in the patients and the controls are shown in Table 3 . The serum levels of IGFBP-3 were clearly lower in the men with idiopathic osteoporosis. There were no significant differences between the patients and the controls in the serum concentrations of IGF-I, IGF-II, IGFBP-2, or in the 24-h urinary excretion of GH (Table 3) . 
Discussion
Idiopathic osteoporosis in men is diagnosed by careful exclusion of known causes of osteopenia, such as alcoholism, glucocorticoid treatment, endocrine or neoplastic disease, and osteomalacia (17) . In the present study, male patients with idiopathic osteoporosis had clearly negative balance between formation and resorption at the level of individual remodeling units. This, in turn, was dependent on reduced bone formation with a decrease in wall thickness, whereas neither resorptive indices, nor activation frequency, nor mineralization rate were significantly deviant from that of the controls. The lack of a positive correlation between resorption depth and wall thickness in the men with osteoporosis suggests that there is an insufficient coupling from bone resorption to bone formation in these patients. Because the IGF system has been implicated in the coupling between bone resorption and bone formation, it is of great interest that the serum concentrations of IGFBP-3 were reduced in the men with idiopathic osteoporosis. However, there were no significant linear correlations between histomorphometric indices and IGFBP-3 levels, and therefore, we can only speculate that the two observations are connected. Nevertheless, IGFBP-3 is the only variable besides strictly bone-related indices that deviate from what is seen in healthy men. Furthermore, Reed and co-workers (4) were able to demonstrate linear correlations between serum levels of IGF-I and histomorphometric indices of bone formation in men and women with idiopathic osteoporosis. In view of recent clinical and experimental indications of the significance of IGF-I and GH in bone metabolism (8 -11) , it is tempting, therefore, to link reduced bone formation with a disturbed IGF system.
In the present study, serum levels of IGF-I were similar in men with idiopathic osteoporosis and healthy age-matched controls. However, in the study by Reed et al. (4) , low serum levels of IGF-I were seen in young men and women with idiopathic osteoporosis and deficient bone formation. Serum concentrations of IGFBP-3 were not measured, and the reduction of IGF-I was mainly seen in the patients below the age of 36 yr. Considering the age range of the patients in the present study, the findings of Reed et al. and the present study, therefore, need not be contradictory. In a previous study, we have reported on reduced levels of circulating IGF-I in men with idiopathic osteoporosis (13) . However, in that study, the total amount of IGF-I was measured in plasma without prior extraction of IGFBPs. Because IGFBPs interfere with the RIA for IGF-I, a reduction in IGFBP levels could partially explain the previously reported results. IGFBP-3 levels significantly contributed to the variation in BMD in healthy men (11) , and in a large group of patients with osteoporosis, both IGF-I and IGFBP-3 concentrations in serum were lower than in control subjects (18) . Together with the present finding of reduced IGFBP-3 levels in serum in men with idiopathic osteoporosis, these findings suggest a defective regulation of the serum levels IGF-I and IGFBP-3 in idiopathic osteoporosis. Nevertheless, the pathophysiological role of these observations remains to be determined.
In our patient group, low values of IGFBP-3 were not related to any other gross abnormality of GH secretion, and according to the diagnostic criteria, they did not have any other hormonal deficiency. An impaired peripheral response to GH, of unknown character, can not be ruled out. Apart from disturbances in the regulation of IGFBP-3 synthesis, also increased proteolysis and/or disturbed complex formation in the circulation with increased clearance could result in reduced serum levels of IGFBP-3 (19) . A divergent pattern in IGF-I and IGFBP-3 levels is rarely seen but has been reported in some circumstances. For example, 24-h infusion with PTH(1-38) in healthy women resulted in unchanged serum levels of IGF-I and IGF-II, whereas IGFBP-3 concentrations increased (20) . Finally, it can not be excluded that the low serum levels of IGFBP-3 in male idiopathic osteoporosis are a consequence, and not a cause, of disease.
In summary, bone histomorphometry revealed a significant negative balance, caused by a pronounced decrease in wall thickness, in men with idiopathic osteoporosis. They also had lower serum levels of IGFBP-3 than healthy agematched men. There are also previous reports on low serum levels of IGF-I and IGFBP-3 in osteoporosis, but yet we lack evidence that a disturbed IGF system is part of the pathogenesis in idiopathic osteoporosis.
